The genetic relationships among 11 species of Bothrops found in Brazil were determined using random amplified fragment (RAPD) 
INTRODUCTION
The "lancehead snakes" of the genus Bothrops (family Viperidae) is divided into 31 species, of which 19 occur in the Brazilian territory (Campbell and Lamar, 1989) . Lancehead snakes are most frequently responsible for cases of human envenomation (89.04%) in Brazil (Ministério da Saúde, 1991; Cardoso, 1992) and other countries of Latin America (Campbell and Lamar, 1989) . Morphology has been widely used to classify and infer relationships among Bothrops species (Amaral, 1921; Hoge and Romano-Hoge, 1978; 1979) , and to differentiate Bothrops from other related genera (Schatti and Kramer, 1993) . However, relationships among members of the genus Bothrops remain controversial and unclear. The recent inclusion of the analysis of hemipenis morphology, the electrophoretic patterns of plasma proteins, venom proteins, and isozymes (Pesantes, 1989; Werman, 1992) , helped to solve several issues but a number of questions remain unanswered. In the last few years, in spite of controversies, the use of molecular techniques has contributed to the resolution of many systematic and phylogenetic problems (Patterson et al., 1993; Moritz and Hillis, 1996) . Several techniques such as restriction fragment length polymorphism (RFLP), DNA-DNA hybridization, randomly amplified polymorphic DNA (RAPD), arbitrary fragment length polymorphism (AFLP), and DNA sequencing, have been used with success to clarify relationships at different phylogenetic levels (Crawford, 1990; Weising et al., 1995; Hillis et al., 1996) . The apparent advantage of the RAPD analysis over other techniques is that it requires no foreknowledge about any particular gene in a target taxon, and that it is random with respect to the genome covering all of it if using a large number of primers. RAPD analysis has been used in molecular ecology studies to determine taxonomic identity, assess kinship relationships, and analyze mixed genome samples (Hadrys et al., 1992) , and in systematic studies at intraspecific (Master, 1995; Echeverrigaray et al., 2001 ) and interspecific levels (Master, 1995; Ryabinina et al., 1997) . In spite of the utility of DNA approaches solving systematic problems, the application of these techniques to the genus Bothrops (sensus stricto) and its relatives is limited to a few reports. Salomão et al.(1997) 
MATERIAL AND METHODS
The specimens used in this study and their localities are shown in Table 1 . Total DNA was extracted from shed skins by a modification of the method reported by Bricker et al.(1996) . To confirm the quality of the DNA extracts obtained form the skins, additional blood samples of the same animal (representatives of B. jararaca, and B. moojeni) were collected by the cardiac puncture method (Branch, 1973) , and DNA extracted by a procedure adapted from Hillel et al.(1989) . The 20 aleatory primers of kit A (Operon DNA Technologies, Alameda, Calif.), were used in this study. The polymerase chain reaction protocol used was a variation of that reported by Williams et al.(1990) . Reactions were performed in a 25
containing 50mM KCl; 10mM Tris-HCl (pH 8.3); 3mM MgCl 2 ; 0.25% Triton-X-100; 1.25mM of each dATP, dCTP, dTTP and dGTP (Pharmacia LKB Biotechn., Inc., NJ); 30ng of single decamer primer; 60 to 80ng of genomic DNA; and 1.5 units of Taq DNA polymerase (Pharmacia LKB Biotechn., Inc., NJ). DNA amplification was performed using a thermal cycler (model PTC100, MJ Research, Watertown, Mass.). PCR was carried out using 94ºC for 1 min; then 45 cycles of 94ºC (1 min), 35ºC (1 min) and 72ºC (2 min), and finally 72º for 3 min. A negative control including all components except genomic DNA was included in all amplifications. Following amplification, the RAPD products (20µl) were loaded in 1.5% agarose gels in 1x TBE buffer and separated by electrophoresis (90 volts during 3 hours). After electophoresis the amplification products were stained with ethidium bromide and photographed under UV light. The sizes of amplification products were determined by comparison to Lambda DNA digested with EcoRI and HindIII restriction enzymes. Bands were scored as present (1) or absent (0). Only bands that were between 100 and 2500bp and that appeared consistently among three independent runs were rated. Bands that were not well defined were not included in the data set. Band-sharing analysis (Jaccard´s coefficient) was conducted using NTSYS-pc (Rohlf, 1992) . In order to assess the robustness of the phylogenetic hypotheses generated, we used three different algorithms: neighbor-joining, Fitch-Margoliash and polymorphism parsimony. The outgroups for tree rooting were Lacchesis muta and Crotalus durissus terrificus. Phylogenetic analysis was conducted using PHYLIP 3.5 (Felsenstein, 1993) .
RESULTS AND DISCUSSION
Using the 20 aleatory decamer primers of kit A (Operon Techn.) to amplify genomic DNA from 21 individuals of 10 species of the genus Bothrops, and two representatives of the genera Lacchesis and Crotalus, a total of 239 bands were scored, ranging in size from 100 to 2500 bp. Between nine and 26 bands were scored for each primer. Of the total bands scored in this study, 212 or 88.7% showed variation. An example of the patterns obtained by RAPD analysis of Bothrops species, and the representatives of Crotalus durissus and Lachesis muta, is shown in Figure 1 . Combining the information supplied by several reactions, all the samples included in the study were differentiated. P 1 2 3 4 5 6 7 8 9 10 11 12 13 P P 1 2 3 4 5 6 7 8 9 10 11 12 13 P As expected, the smallest differences occurred between two individual of the same species, nine polymorphic bands were detected between the two representatives of B. moojeni, and the highest differences, 95 bands, occurred between B. alternatus and C. durissus. The ability to differenciate all tested animals supports the idea that RAPD markers may be practically applied for the identification of individuals and populations of snakes, as has been proved for other taxa (Hadrys et al., 1992) . The evaluation of the mean number of polymorphic bands at the different phylogenetic levels (Table 2) showed that a well defined and relatively constant percentage was present at each level.
The cladograms obtained by the three algorithms used in this study are shown in Figure 2 . (Fernandes and Pesantes, 1989; Werman, 1992) (Fernandes and Pesantes, 1989) , izozyme electrophoretic profiles and morphological data (Werman, 1992) , and mitochondrial DNA sequencing (Salomão et al., 1997) . While a discussion of the technique adopted (RAPD) is beyond the scope of our article (see reviews by Hadrys et al., 1992; Hillis et al., 1996) , several general concerns should be noted. Although the patterns obtained by RAPD are extremely sensitive to reaction conditions and care must be taken to ensure reproducibility, when standardize experimental conditions are established, the technique offers reliable results. RAPD is considered as a efficient tool for species identification , and despite controversies, it has been applied successfully in the evaluation of interspecific relationships of many different organisms, including reptiles (Ryabinina et al., 1997) . Moreover, RAPD offers the opportunity to access information about a large portion of the genome. Considering that RAPD analysis was consistent with the morphological and biochemical data previously reported, RAPD markers could be seen as a reliable method for both species identification and the evaluation of genetic relationships among snakes of the genus Bothrops. Moreover, RAPD offers the possibility of obtaining valuable information of reptiles with nonlethal sampling (shed skin or blood). 
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